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Abstract
THE ANATOMICAL

RELATIONSHIP OF THE

MANDIBULAR

CANAL

AND RELATED STRUCTURES IN IMMATURE AND MATURE
DRIED MANDIBLES

Dale Denio

The anatomical relationship of the mandibular canal and re
lated structures were examined in 29 dried human mandibles

(21 mature and eight immature).

First and second premolars

and molars were sectioned in a buccal-lingual plane.

The

molars were separated into mesial and' distal sections.

A

total of 322 sections were examined according to age (imma

ture or mature), left or right, and type of tooth/root.
Thirteen measurements were taken of each section and the re

sults were statistically analysed.

The results indicated no significant difference between the
mean averages when comparing the 13 data points between the

left and right side of mandibles using the Pearson correla
tion test (P<.05).

It was found that the apices of mature

second molars and second premolars had the closest proxim
ity to the mandibular canal in the vertical and horizontal
planes.

Twenty percent of the second premolar apices and

17% of the second molar apices were located within a verti
cal distance of 2.0mro and a horizontal distance of l.Srom to

the mandibular canal.

The mean distance between second mo

lar apices and mandibular canal was 3.7mm.

With a mean of

6.9mm, the apices of the mesial roots of the first molars
were located the furthest from the mandibular canal.

In the

immature mandibles, the closest approximation between the

apices and the mandibular canal was noted in the distal root
of the first molar (69%) and both roots of the second molar

(64-69%).

The mean average for these teeth was 1.4mm.

The pathway of the canal in relationship to the apices of
the teeth in the mature mandible followed an S-shaped curve

in 31% of the mandibles, lingually in 19%, buccally in 17%,

and apically in 5%. In 28% of the cases this pathway could
not be determined due to the lack of a definite canal wall.

In the S-shaped curve, the canal is located to the buccal of
the distal root of the second molar, crosses to the lingual
close to the mesial root, runs lingual to the first molar
and then crosses back to the buccal apically to the second

premolar.

The canal in the buccal pathway is located buccal

to the long axis of the posterior teeth while the lingual
pathway is located to the lingual.

In 69% of the immature mandibles the canal is located

apically to most of the posterior apices and in close ap
proximation to them.

Also observed was the S-shaped pathway

(18%); however, no buccal or lingual pathways were seen in
the immature mandibles.

The pathway of the canal in 18%

could not be determined due to the lack of a canal wall.
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INTRODUCTION

Damage to the mandibular nerve is possible in surgical pro
cedures involving the mandible.

The position of the mandi

bular canal in relation to the apices of the mandibular pos

terior teeth is therefore of interest to dentists performing

periapical surgery on posterior mandibular teeth.

Periapi-

cal surgery is a well accepted procedure used to treat endodontically involved teeth that cannot be treated or re
treated by nonsurgical techniques (Harris^ 1979).

Many pa

tients are referred to endodontists because they require

surgical correction of procedural mishaps such as separated
instruments, blocked canals and gross overfills.

Apical

surgery of mandibular posterior teeth carries the risk of

injury to the mandibular nerve often because the anatomical
location of the canal varies in relation to the location of

the root apices (Block and Bushell, 1982). Pressure and
trauma to the nerve can cause anesthesia or paresthesia of

the teeth, lower lip, chin and labial gingiva to the mid-

line.

Recovery can take months and if the nerve bundle is

severed, permanent anesthesia or paresthesia may occur
(Rood, 1983).

Panella (1974 unpublished research) evaluated the relation
ship of the mandibular canal and its surrounding structures

in a vertical and horizontal plane in dried mandibleSf and
found that the teeth with closest proximity were the second

preraolars and second molars.

Littner et al. (1986) studied

the location of the mandibular canal with the use of radio

graphs and concluded that the canal was not statistically in
close proximity to the apices of the posterior teeth.

The

location of the mandibular nerve has been reported to be to

the lingual (Lin et al., 1983), to the buccal (Cogswell,
1942), and apical to the posterior teeth (Harris, 1979).

The relationship of the mandibular canal (nerve) to the
apices of the posterior teeth does not seem to be well es
tablished based on these reports.

The purpose of the present study was to 1) determine the retionship of the mandibular canal to the apices of the pos
terior teeth in immature and mature mandibles in a vertical

and horizontal plane; 2) examine the related structures of
the mandibular canal through a series of measurements and
establish a statistical data base; 3) determine if symmetry

exists between the right and left side of the mandible; 4)

compare morphological variation between the immature and
mature mandibles.

LITERATURE REVIEW

Obs

The location of the mandibular nerve with regard to the

apices of the posterior teeth has been reported as early as
1927 by Olivier.

Observers have looked at this nerve by

gross dissections, through radiographs and by clinical exam
inations.

Based on these methods, the location has varied

from buccal to lingual and in between.

A review of the

literature will first cover gross observations of the mandi
bular nerve followed by growth and development of the man

dible.

Radiographic studies of the mandibular canal and its

relationship to the apices will consist of the most recent
studies on the nerve location.

Also included will be a

brief discussion of the histology and regeneration of the
mandibular

nerve.

In 1927 Olivier described the anatomical arrangement of the

inferior alveolar (dental) canal and nerve in the dissection
of 50 adult mandibles.

He found that numerous branches were

given off the main trunk of the nerve.

In 30 of the mandi

bles the vessels and nerves consisted of single bundles.

They remained as a single unit until they reached the mental
foramen, where they divided into the mental and incisive

branches.

The innervation to individual teeth came off the

main bundle distal to each tooth apex.

A second type of ar

rangement was seen in 20 mandibles and was composed of a
large mental branch and smaller dental branches, which sup
plied the mandibular teeth.

He could not find a distinct

canal because the vessels and nerve branches were spread
out.

Olivier stated that Vincent described the canal as ly

ing lingual to the roots of the second and third molars, be
low the roots of the first molar and buccal to the apices of

the premolars.

Olivier also stated that there was an inci

sive nerve which passed through the spongy bone and was not
enclosed in a tunnel.

Furthermore, he observed that the in

cisive nerve did not appear to cross the midline.

Starkie and Stewart's findings (1931) differed from those of
Olivier's and described two posterior plexuses in the course
of the inferior dental nerve in their dissections of five

human mandibles.

The posterior-internal plexus innervated

the molars and bicuspids and possibly the cuspids and the
anterior-external plexus innervated the mental region and
incisors.

They also found that the posterior two-thirds of

the inferior dental nerve and vessels were surrounded by

tough connective tissue and bone sheath.

The bony sheath

disappeared more anteriorily, but the fibrous layer could
still be traced along the larger branches of the nerve.

Although Olivier (1927) had stated that there were no coitiniunicating branches between the left and right inferior den
tal nerves, Starkie and Stewart (1931) were able to trace
distinct anastomotic fibers across the symphysis in a major

ity of the mandibles.

Steward and Wilson (1928) showed

clinically through anesthetic injections that there was an
overlap of fibers to the ipsilateral incisors.

Carter and Keen (1971) described the course of the inferior

alveolar nerve by dissections of eight mandibles.

The at

tachments of the muscles were also dissected and they found

neurovascular bundles leaving the muscles and penetrating
the surface of the mandible in some cases.

These bundles

formed into a fine plexus in the ramus and body of the man

dible.

They eventually joined with the main trunk of the

inferior alveolar nerve or with branches of the molar roots.

They found that the pterygoid and temporalis muscles gave
off the most communicating branches to the plexus network.
The neurovascular bundles leaving the temporalis muscle were
traced to small foramina in the retromolar fossa.

The in-

nervation of the posterior teeth usually entered the lateral
surfaces of the roots rather than through the apices them

selves.

Based on the pattern of distribution, the pathways

of inferior alveolar nerve in these eight mandibles was
classified into three types.

Type I (6/8) consisted of the inferior alveolar nerve as a
single large bundle lying in a bony canal close to the

apices of the posterior teeth.

Each bundle demonstrated

off-shoots from the main branch and incisal plexus leading

to foramina on the lingual surface of the premolars.

Shil-

ler and Wiswell (1954) state that these foramina provide a
route for communication between branches of the mylohyoid
nerve and inferior alveolar nerve and incisal plexus.

They

also described additional foramina near the midline of the

posterior aspect of the symphysis either superior or in
ferior to the genial tubercles.

They suggested that these

connections could offer an alternative pathway for neural

pain impulses in some cases after mandibular block anesthe
sia.

Novitzsky (1938) demonstrated in gross dissections that

the mylohyoid nerve enters the lingual side of the mandible
below the genial tubercles.

Madeira et al. (1978) in a

study of 26 cadavers, found that a supplementary branch of
the mylohyoid nerve entered the mandible through an accesso

ry foramen in the lingual side of the mandibular symphysis
in 50% of the cases.

This nerve branch either ended direct

ly in the incisors and gingiva or joined the ipsilateral or
contralateral incisive nerve.

In the type II (1/8) pattern Carter and Keen found that the

nerve was located in a more inferior position in the mandi
ble.

Branches of the main nerve were given off more poster

iorly and obliquely than in the type I.

Type III (1/8) man

dibles gave off two branches from the main nerve posterior

ly

to the molars and premolars.

The main nerve then con

tinued in a more inferior position towards the mental fora
men.

Observations were also made on 62 dried mandibles by Carter
and Keen in their 1974 study, during which they found numer

ous small foramina near the condyle, mandibular foramen and
retromolar fossa.

The largest of the foramina (>0.4mm) were

most often seen in the retromolar fossa.

They proposed that

the neurovascular bundles associated with muscles in these

insertion areas would be the same as those found in the

gross dissections.

Lateral radiographs of each hemi-mandi-

ble studied in 80 dried mandibles were made and a similar

ratio of nerve pathway was found as in the eight gross di-

sections.

Forty-nine showed a single bony canal (Type I);

11 showed a canal close to the apices, but with a broken
superior wall (Type I or II) and 20 showed bony patterns

lacking definite canals (Type II or III).

Baker and Lockett (1972) reported a case in which a juve

nile mandible displayed multiple foramina on the internal

surface of each ramus 17niin above the mandibular foramen.
These foramina were cannulated with small wires to determine
the final destination of the canals.

Several of the canals

led directly to the crypt of the developing third molar.

The authors hypothesized that had these canals contained
sensory nerve fiber from the inferior alveolar nervOf rou

tine techniques for a nerve block would have failed to anes
thetize the third molar tooth.

Further illustrations of the Type I pattern was provided by
Jablonski, et al. (1985), who in a case report of a gross

dissection found mylohyoid nerve branches arising from the

lingual nerve and the buccal nerve branching from the in
ferior alveolar nerve within the mandibular ramus.

They es

timated that this variation in the origin of the buccal

nerve occurs in 6% of the southern Chinese (Hong Kong) popu

lation.

Sutton, in 1974, studied the incidence of accessory

foramina in 300 mandibles and found a total of approximately
2500 foramina.

On the external surface many foramina were

frequently seen below the cuspids or below and between the

cuspids and lateral incisors.

The foramina located on the

internal surface were found most often below the premolars
and to a lesser extent below the first molars.

Sutton pro

posed that patients who have difficulty with dental anesthe
sia by a mandibular block iiay have accessory innervation

from the mylohyoid or transverse cutaneous nerves.

These

nerve branches can enter the foramina, which range in size
from 0.19mm to over 1mm.

The inferior alveolar artery characteristically arises from

the maxillary artery as its fourth branch and immediately

provides the mylohyoid branch which courses in the mylohyoid
groove of the mandible along with the mylohyoid nerve (Kettunen, 1965).

Poirot et al. (1986) detailed the course of

the inferior alveolar artery using a red neoprene latex in

jected into the common carotids in 15 cadavers (30 hemimandibles).

They found that the inferior alveolar artery is

accompanied by the nerve and both travel in a bony canal
surrounded by a dense sheath.

In the area of the lingula

the neurovascular bundle is surrounded by a very dense and

adherent fatty aveolar tissue which fills the canal for
about 6mm.

At this point the inferior alveolar artery sep

arates from the mylohyoid artery on its medial aspect.

The

mylohyoid artery continues with the mylohyoid nerve by pas

sing under the periosteum of the mylohyoid groove.

Poirot

et al. demonstrated that the inferior alveolar nerve appears

as a whitish strand with an average diameter of 5mm.

It

consists of two bundles at its entry point of the mandible

and the branches continue side by side throughout their

osseous course.

Both bundles are easily separated and ex

change numerous anastomoses.

One bundle is small with a

fasciculated appearance, travels in the more superior posi
tion, and eventually enters the symphysial region.

The

other strand is also fascicular but larger in size and exits
the mandible via the mental canal.

They found that in six

cases out of a total of 30 this larger bundle was divided
into two secondary strands.

The diameter of the inferior alveolar artery varies in rela

tion to the presence of dentition.

Poirot et al. (198b)

found that the diameter of the artery at the mandibular for

amen ranged between 1.4mm to 1.5mm in edentulous patients
but 1.7mm to 2.0mm in dentulous patients.

The artery tra

vels in a straight line to the second molar but as it moves

forward the artery becomes very twisted in its ascending

path to the mental foramen.

In 10 cases the termination of

the artery at the mental foramen was an equal division of
the incisive branch passing anterior and mental branch ex

iting via the foramen.

In seven cases the incisive artery

apperared to continue the course of the inferior alveolar
artery with the mental branch appearing as a collateral of
the main trunk.

In eight cases the incisive artery appeared

to continue the course of the submental artery which is a

branch of the facial.

The inferior alveolar artery appeared

to terminate at the mental foramen area as a very slender

artery.

Five cases could not be injected due to anatomical

blockage of the inferior alveolar artery.

Poirot et al. (1986) found that despite the three variations

noted previously, certain features were common in all 30
mandibles.

To the level of the second molar, the artery was

consistently located slightly buccal to the mandibular
nerve.

Anterior to this area the artery was located super

ior to the nerve.

The cross over point took place near the

angle of the mandible (40%) or below the first molar (60%).
At the mental foramen the inferior alveolar artery was lo
cated mesial to the nerve in 57% of the cases.

During its intraosseous course the inferior alveolar artery

gives off numerous collaterals.

The principal collaterals

travel parallel to the main artery for a short distance
within the canal before entering the alveolar bone and sup

plying the teeth.

They originate at a right angle and tra

vel about 10mm to 20mm within the neurovascular sheath and

then leave the canal.

They usually divide into two ascend

ing branches which become distributed to the apices and in
terdental septum.

The vascular supply to the pulps probably

is a recurrent branch from a large septal branch which di
vides into a medial and lateral portion.

These collaterals

arise at a point posterior to their termination and do not
as a rule anatomose; anastomosis was identified in only two
cases (Poirot et al., 1986).

Bilateral symmetry of vascular distribution does not seem
to occur in this study by Poirot et al.

The secondary col

laterals appeared variable in number and were quite tortu

ous.

They divided into anterior and posterior branches,

traveled along the neurovascular bundle and terminated in

the region of the mandibular nerve and floor of the canal.
The data from Poirot et al. was consistent with a published

report by Castelli (1963) who found that the inferior alveo

lar artery is in most cases involved with vascularization of
cancellous bone while the ramus of the mandible is supplied

essentially by vessels associated with muscular attachments
in the territory of the facial artery.

Stockdale (1959) stated that radiographic evaluations and
anatomical dissections of the mandible in infants demon

strates that the inferior alveolar canal lies close to the
inferior border of the mandible even as late as eight years

of age.

With an increase in age the distance between the

canal and inferior border of the mandible becomes greater

as a result of the deposition of bone at the inferior bor

der.

The position of the mandibular foramen in the child

and adult occupies the same relative position in the ramus.

This is just above the occlusal plane of the mandibular
teeth opposite the point of greatest concavity of the ex
ternal oblique ridge of the ascending ramus.

Stockdale was

primarily concerned with the position of the third molar to
the mandibular canal.

He stated that the relationship of

the roots of the third molar to the canal is determined by

its vertical position, the height of the mandibular body and
the length of roots.

Normally the third molar would have

the closest approximation to the canal and this space would
increase in an anterior direction.

During growth the over-all increase in the length of the
mandible (condyle-gnathion distance) is due to interstial

growth as well as a posterior movement of the ramus result
ing from resorption of the anterior border (Enlow and
Harris, 1964).

The mandible is an excellent example of pos

terior growth-anterior displacement.

The authors state that

this allows additional space for the permanent molars as

they erupt.

The mandibular foramen stays in its same rela

tive position by the process of resorption of the posterior
border and bone deposition on its anterior border.

As the

mandibular foramen moves "backward" so must the mandibular

canal.

Since the condyle is buttressed against the glenoid

fossa, its posterior growth is translated into anterior dis

placement.

This application of growth can also be applied

to the buccal surface of the ramus and lingual surface in

ferior to the mylohyoid ridge.

The lateral apposition of

bone on the ramus and lingual resorption leads to a more

square jaw in the adult and allows the posterior teeth to
stay closer to the midline.

In man, the mandibular teeth do

not follow the basal portion of the mandible as in other
mammals, but remain in the alveolar bone nearer the midline.

Using an implant technique into specific sites of the man
dibles of 110 Danish children, Bjork in 1963 found that dur

ing jaw development, the mandibular canal is not remodeled
to the same extent as the outer surface of the mandible and
the trabecular bone related to the canal is relatively sta

tionary.

The curvature of the mandibular canal reflects the

earlier shape of the mandible (Bjork, 1969).

III.

The inferior alveolar canal begins at the mandibular foramen

in the ascending ramus and passes down into the body of the
mandible.

The canal typically follows a concave pathway

with the most inferior position below the first molar.

Porter and Sweet (1942) described the radiographic itianifes-

tation and appearance of the itiandibular canal in humans.

In

a survey of 500 full mouth radiographs they found the canal
incidence to be 88.6% on the right side and 86.5% on the

left side.

They found that the mandibular canal was rarely

seen throughout its entire length to the mental foramen.

In a study of 3612 panoramic radiographs in patients without
fractures or pathological conditions, Nortje et al., in
1978, showed that the mandibular canals are usually bilater

ally symmetrical.

A majority of cases showed only one canal

but supplemental canals may also be present.

They found 33

double canals from a common foramen (<1%) and two canals

with a separate foramen (<.06%), which later joined in the

molar region of the mandible.

There was no statistical dif

ference between males and females in the position of the

mandibular canal to the posterior apices of the posterior

teeth.

Younger patients had canals in closer approximation

to root apices than older patients.

The mandibular foramen usually appears as a funnel shaped

area of increased radiolucency with wide variations in the

width, length and depth of the funnel.

The inferior alveo

lar canal in most individuals appears as a narrow dark rib
bon between two white lines (Wuehrmann and Manson-Hing,

1981).

In some cases the white lines may be indistinct,

missing or one may predominate in density.

Anatomically the

canal continues in an anterior direction to the lower inci

sors, but radiographically the canal stops at the mental
foramen.

The width of the canal varies considerably, but

generally remains uniform in width up to the mental foramen.
In the presence of localized expansion of the canal with

persistent pain, the possibility of a tumor roust be ruled
out (Worth, 1969).

The shadow of the mental foramen may be oval, rounded, ob

long, irregularly shaped, or completely missing.

When pre

sent, it appears as a radiolucent shadow of variable dark
ness.

In most cases there is one mental foramen on each

side of the mandible but the number varies and may be ra

cially determined, ranging from none up to five foramina (de
Freitas et al., 1979; Gershenson et al., 1986).

According

to Gershenson et al., in most dentulous patients the mental

foramen is located halfway between the lower margins of the
mandible and the alveolar crest in a vertical plane.

In 50%

of the cases it is located near the apex of the second pre-

molar; in 20-25% of cases, it is between the first and se

cond premolars and in 24% it is distal to the second premolar (Tebo and Telford, 1950).

Wang et al. (1986) found the

mental foramen to be located at the apex of the second

preinolar 59% of the time in their study of 100 dentulous
Chinese adult cadavers.

Based on a study of 525 dry mandi

bles and dissection of 50 cadavers, Gershenson et al. found
that the mental foramen was found in 94.7% of the cases and
multiple in 5.3%.

In children before tooth eruption, the mental foramen is

closer to the alveolar margin; during the eruption period,
the mental foramen descends to half way between the superior
and inferior borders of the mandible.

In adults, with the

teeth preserved, the mental foramen is closer to the infer
ior border.

With the loss of teeth and bone resorption, the

mental foramen moves in a coronal direction to the alveolar

margin (Gershenson et al., 1986).

The mental nerve emerges

from the mental foramen and innervates the mucosa, skin of

the lower lip, cheeks and skin of the menton.

Identifica

tion of the mental foramen is very important during surgery.

Damage to the mental nerve may result in paresthesia of the
lower lip, chin, or labial gingiva.

The mylohyoid ridge can be seen on the medial surface of the
mandible.

It passes downward and forward from the ramus

ending gradually into the inferior portion of the alveolar

process in the premolar region.

This ridge gives rise to

the attachment of the mylohyoid muscle.

According to Worth

(1969) there are considerable variations in the position and

shape of the ridge.

They range from slight to markedly ele

vated and blunt to sharply pointed.

The base of the ridge

may merge gradually with the body or form a prominent eleva

tion.

Radiographically the ridge may be quite insignificant

or be represented by a thin white line.

The inferior margin

of the ridge sometimes correlates with an abrupt end in the
cancellous alveolar process.

If the ridge is narrow and

sharply defined, its shadow could appear to be that of a

pathological process or the superior border of the mandibular

canal.

The most recent study on the relationship of the mandibular

apices and mandibular canal is by Littner et al. (1986).
This study was performed on 46 dried adult mandibles with
the use of a radiographic method as described by Frank

(1966).

By sequentially placing two films in an identical

position and changing the positon of the tube head by -20
degrees for the second film, it is possible to determine
whether the canal lies lingual, buccal, or in the same

plane.

They evaluated the buccal-lingual position of the

first and second molars and found in most cases the canal

is buccal to the second molar and lingual to the first mo

lar.

The long axis of the molars was located in the same

axis as the canal in less than 87% of the cases.

They

concluded that in no case was the canal in close proximity to

the apices of the molars in a vertical or horizontal plane.

Gabriel, in 1946, using sectioned dried mandibles, examined
the architecture of the mandible and maxilla.

The position

of the canal relative to the apices of mandibular posterior
teeth was found to be as follows;

At the apex of the distal

root of the second molar the mandibular canal was located

either buccal to, in the long axis of, or lingual to the

apex.

The range varied from 1.5mm coronal to the apices to

3mm below the apex.

At the apex of the mesial root the ca

nal was located buccal to, in the long axis of, or to the

lingual to the apex.

The range varied from 0.5mm coronal to

the apices to 2.5mm below the apex.

At the apex of the me

sial and distal roots of the first molar the canal ranged

from buccal to lingual with the canal ranging from 1.5mm

coronal to 4.5mm below the apex.

There was no indication on

the actual number of mandibles used or a method of statisti
cal analysis.

Gabriel (1946) also found that when the mandible becomes

e

ntulous, changes in the trabecular portion of the bone

occurs.

There is a considerable increase in the

strengthening of this bone.

The inferior alveolar canal be

comes more clearly defined and completely walled with
thicker bone.

He also found that the loss of alveolar

height, whether due to loss of teeth or periodontal disease
is followed by an increase of trabecular bone in the body
inferior

to that area.

According to Sicher (1975) the position of the premolars and
molars varies in the alveolar process.

The premolars and

first molar are in close relation to the buccal cortical

plate while the second and third molars are in close rela
tion to the lingual cortical plate.

The third molar is al

most without exception associated with the lingual cortical

plate.

This is due to a medial shift of the alveolar pro

cess in relation to the mandibular body.

Bender and Seltzer

(1961) also showed this in their dissections of human mandi

bles.

They found that the apices of most teeth were located

in or near the cortical bone.

In the bifurcated first molar

the mesial root was located near the buccal cortical bone

whereas the distal root apices were suspended in the trabe

cular bone or in the lingual cortical bone.

In a majority

of second molars the root apices were suspended within tra
becular bone; in others the distal root was in close proxim

ity to the lingual cortical plate.

In most third molars the

roots were lodged within or near the lingual cortical plate.

They found that evidence of resorption in bone as a result
of inflamination or tumorous lesions could not be visualized

if they were confined to the trabecular bone.

The lesion

had to be present in the cortical bone to be radiographical-

ly visible (Bender and Seltzer, 1961). However, based on a
study on dried mandibles by LeQuire et al. (1977) a major
ity of artificially produced lesions in trabecular bone
without cortical involvement could be identified by radio
graphs.

Sicher (1975) stated that the mandibular canal usually lies

close to the second premolar and molars whereas the first

premolar is close to the mental canal.

He established three

types of relations to the mandibular canal.

The most fre

quent type is that in which the canal is in contact with the
apices of the third molar while the distance between the two
increases in an anterior direction.

Another type is a high

mandibular body with roots of moderate length without a
close relationship to the canal and the last is a short man

dibular body with a close relationship to the canal.

Sicher

concluded that the canal usually lies medial to the roots of
the mandibular third molar and is only rarely found on the

lateral aspect.

This is because this tooth is normally lin-

gually inclined so its roots would pass over the canal.

DuBrul (1980) states that the most frequent relation

ship of the canal to the posterior root apices is a
close contact with the third molar which increases in an

anterior direction.

In cases of a high mandibular body

and roots of moderate length the mandibular canal does not
have an intimate contact with any of the posterior teeth.

When roots are long and mandibular body is low in height,

the canal may lie in close contact with all posterior teeth.
This is found in children and most young persons in which

the final height of the mandible has not been achieved.

During further growth the mandibular body increases in

height by the apposition at the free border of the alveolar

process.

DuBrul also states the teeth at the same time

erupt away from the mandibular canal.

Cogswell (1942) observed that the mandibular nerve, unless
obstructed by tooth structure or a pathological area, will
follow a direct course downward and forward to the mental
foramen.

The nerve travels to the buccal of the third molar

and slightly buccal to the apices of the premolars.

Harris

(1979) stated that the mandibular nerve passes through the

root apices of the first and second molars.

He based this

on his clinical experience of 397 mandibular molar surgical

cases.

According to Lin and associates (1983) the mandibu

lar canal is situated lingually to the roots of the

posterior teeth.

According to Worth (1969) the subject of canal localization
relative to the mandibular posterior teeth is difficult.

Experiments with wire inserted into the mandibular foramen
has not provided a precise method to determine this rela
tionship because of the limitations of dealing with shadows
on a flat surface.

In some cases it is possible to identify

grooving of the apex by the canal or actual deflection of
the roots.

Hoare (1926) in a case report, wrote of a third

molar perforation by the mandibular nerve.

On examination

after the surgery it was determined that the roots had com

pletely encircled the contents of the mandibular canal.
Parfitt (1935) reported a case of the inferior dental nerve

perforating the root of the mandibular first molar but the
tooth appeared to be deeply submerged in relation to adja
cent teeth.

Worth (1969) stated that the inferior alveolar

canal is more likely to influence the shape of the tooth
than tooth to canal.

He also supports this view that the

canal usually lies buccal to the roots of the third molar.

Perhaps the most detailed study on this subject is that of
Panella (1974 unpublished research at University of South
ern California).

He used 50 dried mandibles with erupted

second molar teeth and sectioned the teeth in the left

hemi-mandible.

The teeth used in the study were the second

premolar, first and second molar (mesial and distal roots).
The teeth were sectioned in a buccal-lingual plane and then

statistically analyzed for the vertical and horizontal rela

tionship of the mandibular canal to the apices.

He found

that the closest relationship to the canal was the distal
root of the second molar followed by the second premolarThe mesial roots of the first molar were located the great

est distance from the canal in a lingual direction.

The ca

nal appeared to travel to the buccal of the second molar,

lingual to the first molar and to the buccal of the second
premolar.
found.

This canal pathway was the most consistently

Other pertinent data such as comparing left and

right of each mandible and bony relationships of each sec
tion was not examined.

One of the recognized complications of dental treatment in
the vicinity of the mandibular nerve is temporary or perman

ent damage.

Although this may cause paresthesia of the man

dibular incisors and labial gingiva, the most distressing

alteration is experienced in the lower lip (Rood 1983).
Paresthesia can lead to impaired speech, decreased ability
to retain saliva and occasional biting of the lip (Mozsary

and Syers, 1985). According to Rood, most cases of damage
to the mandibular nerve are due to crush injuries from the

removal of impacted third molars, but many of these recover

within six months to a year.

A study of 1400 cases involv

ing removal of impacted third molars by Rood showed a rate

of permanent damage in 0.36% of the patients.

Mozsary and

Syers state that damage can occur from root canal obtura
tion, apicoectomy and the insertion of endosteal implants.
An overall knowledge of nerve component structures may as

sist in the understanding of damage to the mandibular nerve,

The basic unit of the nervous system is the neuron which is

composed of a cell body, axon and branching processes called
dentrites.

A peripheral nerve is composed of many nerve fi

bers, each of which is composed of an axon, neurilemma
sheath and connective tissue.

The cells of the neurilemma

sheath, called Schwann cells, elaborate a myelin sheath
which is composed of concentric layers of plasma membranes.

A nerve fiber with a myelin sheath is said to be myelinated
while one without a myelin sheath is unmyelinated.

The

myelin sheath is segmented and interrupted at regular inter
vals (nodes of Ranvier).

The distance from one node to the

next is roughly proportional to the diameter of the fiber;
the thicker the fiber, the longer the internode distance.

The diameters and lengths of internodes of the various

fibers are directly related to the speed of conduction of
nerve impulses.

Each internode is formed by and surrounded

by one Schwann cell.

Nerve fibers are bound into fascicles

or bundles by connective tissue.

The inferior alveolar

nerve is made up of a small number of fasciculi which relate
to regions innervated (Rood, 1978).

The fascicles are separated by connective tissue layers
called endoneurium, perineurium and epineurium.

The endo-

neurium is the smallest bilaminar membrane and invests each

nerve fiber and gives protection and contributes to the in
sulation between fibers.

This layer also helps to preserve

their electrical isolation.

The endoneurium is intimately

associated with the Schwann cells, of which it may be a pro

duct.

The perineurium is a sheath of connective tissue

which surrounds the nerve fiber and endoneurium.

It plays

a major role in maintaining the integrity of the nerve trunk
under tension.

The perineurium also maintains the intrafas-

cicular environment which is essential to nerve function.

The epineurium is a loosely arranged, areolar connective
tissue in which the funiculi are loosely embedded.

The out

er surface of the epineurium forms an outer sheath which

separates the nerve from the surrounding tissue and also

allows some lengthening without damage (Rood, 1983).

The type of damage to nerves can vary from a transient numb
ness to a complete sensory loss to a particular area.

Cogs

well (1942) classified the symptoms of mandibular nerve dam

age, and subsequently many have described such damage.

A

transitory numbness may result from constant pressure on the
soft tissue overlying the mental foramen.

caused

This may be

by a denture flange over a severly resorbed dental

ridge or even a root fragment adjacent to the nerve (Nairn,
1973).

Numbness may also result from a poorly designed sur

gical incision of soft tissue adjacent the foramen.

Paresthesia is defined as an abnormal sensation which in

cludes the sensations of pain, numbness, pins and needles,

tingling, prickling, aching, warmth, cold, or burning
(Girard, 1979).

Paresthesia of the lip of prolonged duration

may result from a surgical procedure involving osseous

reduction adjacent the foramen such as an apicoectomy (lonnides and Borstlap, 1983).

A mandibular injection, if

placed directly into the nerve sheath, can cause transitory
symptoms of paresthesia.

Paresthesia of the inferior alve

olar nerve can be due to periapical pathology of an ab

scessed tooth (Antrim, 1978).

Total paresthesia of the lip

can result from violent external trauma of the mandible

(Wessberg and Wolford, 1981).

Prolonged paresthesia as a

direct result from the removal of a third molar constitutes

about 90% of these cases (Cogswell, 1942; Rood, 1983).

Most sensory recovery in the human lip following nerve dam
age appears to be from regeneration of the mandibular nerve
fibers.

According to Choukas et al. (1974) revasculariza-

tion of the artery initiates the regeneration process after
a partial or total severance of the mandibular nerve.

They

found that the organized blood clot in the canal serves as a
medium for neurilemmal proliferation.

This was observed in

11 dogs following transection of the mandibular nerve.

The

blood clot also allowed the formation of new bone on the ca
nal surface and fibrous connective tissue.

Choukas et al.

observed that in the absence of proper revascularization the
mandibular canal, in the dogs, became totally obliterated
within 12 months.

Normal revascularization will allow for

slow bone remodeling over a 4-6 month period as the canal
regains its original shape.

Nerve regeneration occurs parallel with the bone remodeling
process.

(Mozsary and Syers, 1985).

When a peripheral

nerve is severed, the distal segment undergoes degeneration
and is absorbed by leukocytes (Choukas et al., 1974).

The

neurilemmal tube was found to persist for months after the

early disappearance of the fascicles.

Sprouting axons from

the proximal portion grow out into a random manner.

Some

are able to cross the gap and enter the neurileinmal tubes

that persist in the distal segment.

Each newly growing

nerve fiber bears an ameoboid tip which finds its way along

previously laid down blood vessels, nerve fibers or even
connective tissue bundles.

Once the nerve sprouts enter a

neurilemma tube, their rate of growth is accelerated and can
attain a rate of several millimeters a day (Choukas et al.,
1974).

In most cases the healing process is complete with a sixmonth period with full sensory recovery (Mozsary and Syers,
1985).

However, in some cases, the sensory loss is perma

nent due to the obstruction of the axonal regeneration or

the inability to cross a gap in the axonal tubules.

Accord

ing to Mozsary and Syers, obstructions may be due to total

bony obliteration of the canal at the injury site,
perineural scar formation or the presence of foreign materi
al in the canal.

Regenerated fibers tend to have diameter,

internodal length and conduction velocity that are about 80%
of the values of the original fibers (Barr and Kiernan,
1983).

Physical damage to the mandibular nerve during endodontic
surgery may result from a lack of anatomical knowledge and
from failure to apply knowledge to the surgical procedure.

Accidental sectioning of the niandibular or mental nerve may
occur and the rate of regeneration depends on the anastomo

sis of the severed nerve portions.

In endodontics, nerve

damage may also occur from chemical damage if a filling ma
terial is forced outside the root canal system.

Apical surgery of mandibular teeth is a well established

and accepted surgical technique.

It is most often indicated

for teeth which have had previous but unsuccessful nonsur-

gical root canal therapy.

According to Harris (1979), most

of the literature regarding apical surgery in mandibular mo

lars is negative in nature.

The inferior alveolar nerve is

often cited as a major contraindication to this type of sur

gery.

In a total of 397 mandibular molar surgeries (327

first molars, 66 second molars, and four third molars) with

retrograde amalgam fillings, he found only one case of nerve

damage and it was of short duration.

Harris also stated

that there were no instances of excessive hemmorhage due to

damage to the inferior alveolar artery during these surger

ies.

According to Harris, 1979, endodontic surgery of third

molars is uncommon, but if indicated, must be carefully
treated due to the closeness of the neurovascular bundle.
The main purpose of his article was to encourage surgery

when indicated for niandibular molars and that anatomical

considerations are not always contraindications to surgery
in the first and second molars.

Block and Bushell (1982)

discussed retrograde surgery for mandibular posterior teeth;

they recommended observation of the approximate location of
the inferior alveolar canal by taking radiographs prior to
surgery.

lonnides and Borstlap (1983) performed 86 apicoectomies on
first, second, and third mandibular and maxillary molars

and found three cases of slight damage or paresthesia of
the inferior alveolar nerve.

The paresthesia disappeared

about six months postoperatively.

Harris (1979) as well as

lonnides and Borstlap (1983) are in agreement that the loca
tion of the inferior alveolar nerve should not be considered

as a contraindication to apical surgery.

Both articles

cited very low incidences of postoperative damage to the
inferior alveolar nerve based on their own clinical experi
ences.

Endodontic materials pushed beyond the apex or into the man
dibular canal may result in physical or chemical damage to
the mandibular nerve (Ehrmann, 1963; Lindner, 1972; Schochat

and Garfunkel, 1973; Tamse et al., 1982; Orstavik et al.,

1983; Rowe, 1983; LaBanc and Epker, 1984).

According to

Orstavik et al., there are four mechanisms of pathogenicity;
(1) over-instrumentation and mechanical severance of the

mandibular nerve by a file or reamer, (2) a combined effect

of regional analgesia and mechanical nerve damage, (3) de

generation of the nerve by compression caused by the filling
material in the mandibular canal and (4) neurotoxicity of
the filling material.

Orstavik et al. (1983) surveyed 24 reported cases in the
literature of endodontic overfills and found that the most

common complaint included loss of sensitivity of the lips
and gingiva supplied by the mental nerve.

The mandibular

second premolar or second molars were most commonly af
fected.

They found that a majority of the overfills were

due to pastes (N2, AH26, Endomethasone, Diaket AA, Hydron
and Riebler) which usually had been placed with a rotary in
strument or syringe.

Of 22 cases where the sex was

reported, 18 were females with an age range from 16 to 68

years.

Frequently, root canal filling materials could be

seen radiographically beyond the confines of the canal, but
there have been reported cases in which no excess material
could be demonstrated radiographically according to the au

thors.

A majority of the articles (14/24) did not report

whether healing took place in an observation period that

ranged from three months up to 18 years after the initiation

of paresthesia (Orstavik et al., 1983).

Rowe (1983) reported on nine cases in England in which eight
of the nine cases were female patients with an average age
of 29.

Seven cases were filled with Endomethasone, which

contains paraformaldehyde, one with AH26 and one case with
KRI III liquid.

phor and menthol.
lars.

This liquid contains parachlorphenol, cam

Six cases involved mandibular second mo

In six cases the patients were referred to an oral

surgeon to have removed the excess material from the inferi
or alveolar canal or its vicinity.

The outcome from these

operations was not always reported, although two patients
did recover with normal sensation.

Rowe hypothesized that

since a majority of patients in his study and in the larger

survey by Orstavik et al. were female, there might be an an
atomical variation making it easier to over-fill teeth in

females.

Both reports stated that the second premolar and

second molar teeth were much more likely to be involved with

paresthesia of the lower lip following endodontic treatment
than the first premolar and molar teeth.

The location of the mandibular nerve in relation to the pos

terior apices is not consistently reported in the litera
ture.

Cogswell (1942) observed that the nerve is located

to the buccal of the apices of the posterior teeth.

Harris

MATERIALS AND METHODS

Due to a severe shortage of the available world supply in
1986, the maximuni number of mandibles that could be pur
chased from seven scientific supply companies contacted was
a total of 30.

Ten dentulous adult mandibles were purchased

from Carolina Biological Supply Company (Burlington, North
Carolina) and 20 mandibles from Clay Adams (Parsippany, New

Jersey).

The sex classification of the 30 mandibles were

unknown.

Eight of the mandibles from Clay Adams were imma

ture or pre-adult with estimated ages from 14 to 17 years.

They were classified in this group due to the immature api
cal development of third molars and in some cases second mo
lars.

One mandible was estimated to be from a six year old

and was excluded from the sample size.

Six of the mandibles

had 13 teeth which were displaced during processing (two

molars and 11 premolars).

To simulate an existing tooth in

these mandibles, four endodontic files were inserted into
each socket in the same long axis as the adjacent teeth

(Fig. 1). To immobilize the files, quickset acrylic resin
was injected into each socket.

The purpose was to allow

measurements of the mandibular canal to the location of

where the root apices would have been.

All teeth used in

the study had a uniform plane of occlusion with no overeruption or undereruption of the lower posterior teeth.

II.

flethQd

Both sides of the mandibles were examined radiographically
in two views - lateral and orthoradial.

Figure 2 shows the

special jig which was used to retain the mandible so that
the occlusal plane was parallel to the table.

All films

were located parallel to the long axis of the posterior

teeth (premolars and molars) and held with a modified film
holder to insure standardization.

In the orthoradial view

the cone head was directed parallel to the long axis of the
teeth with film placement below the body of the mandible.
A round stainless steel orthodontic wire size 0.16mm

(Unitek, Monrovia, California) with a blunted end was placed
into the mandibular foramen and inserted as far anteriorly

as possible to allow radiography of the canal.

In most

cases the wire could be inserted to the second premolar, but

in some cases the pathway was blocked partway.

A round

stainless steel wire size 0.30mm was placed in the mental

foramen as far lingually as possible (Fig. 3).

The lateral

views were taken with and without the wire, while the orthodradial views were taken with the wires in place.

All of the films were exposed at one second exposure at a
distance of 35cm from the film and processed in a S.S. White

automatic processor (Philadelphia, Pennsylvania) with a

cycle time of six minutes.

Kodak Ultraspeed occlusal film

(Eastman Kodak Company, Rochester, New York) was used and
exposed with a Philips Oralix x-ray machine (Philips Medi
cal Systems, Shelton, Connecticut.)

operated at SOkvp and 7.5mA.

The machine was

Kodachrome color slides were

taken of the mandibles with a Minolta X-570 and 35mm zoom

lens with an automacro ring flash against a black mat.

Standard endodontic access cavities were prepared in the oc

clusal surfaces of the premolars and molars with a high

speed handpiece with water spray.

Endodontic K-files of

sized #10 to #20 (Union Broach Company, Emigsville, Pennsyl

vania) were placed in each canal and cemented in place with

cyanoacrylate cement (Fig. 4).

An attempt was made to place

the files as far apically as possible.

Another radiograph

was made after the files were cemented into place (Fig. 5).
The mandibles were then separated at the incisor midpoint
with a band saw (Delta Manufacturing Company, Milwaukee,
Wisconsin) and distal to the second molar.

To insure that the canal could be identified in the various
sections, a flexible plastic line was inserted as far

anteriorly as possible into the iiiandibular canal and cement
ed with Elmer's glue (Bordon Chemical, Columbus, Ohio) (Fig.

The distal half of the second molar was ground in a circular

grinder (Rockwell Manufacturing Company, Pittsburg, Pennsyl
vania) until the endodontic file could be identified at the

apical portion of the distal root (see Fig's. 7-8).

The

mandible was then sectioned mesial to the second molar in

the band saw and ground down to the endodontic file to ob
tain the mesial section of the mesial root.

was then sectioned in a similar manner.

The first molar

The two premolars

were sectioned from the distal and ground to expose the en
dodontic files.

In some cases sections of teeth disinte

grated from the bone due to the rapid action of the grinder.
Other times the root apices were ground in excess beyond the

apical foramina.
study.

Eighteen sections were discarded from the

A total of six sections were evaluated from each

hemi-mandible (Fig. 9).

All mandibles were coded for identification.

and one letter appear on each specimen.

designates the number of the mandible.

Two numbers

The first number

The letter desig

nates the mandible as either left or right.

The second num

ber designates the root: 1 is the root of the first

premolar, 2 is the root of the second premolar, 3 is the me
sial root of the first molar, 4 is the distal root of the

first molar, 5 is the mesial root of the second molar and 6
is the root of the distal root of the second molar.

For ex

ample, 16R3 indicates the mesial root of a first molar on
the right side of mandible number sixteen.

All sections, in

addition to the left over mandible parts, were placed in

plastic bags containing one side from each mandible.

The sections were then photographed with an Olympus OM-2

camera with a 50mm Olympus lense on a duplicator stand with
four flood lights to insure even light distribution.

The

sections were photographed with Kodak black and white Panatomic X film (ASA 32) against a black mat background with a
label for each section in the field of view.

The camera

settings were set at ASA 64, speed of 1/250 and f8 for each
section and at the same position in vertical height.

A mil

limeter ruler was placed adjacent to each section and also

photographed to insure an exact doublesized enlargement of
each section (Fig. 12).

Each section was evaluated by collecting 13 data measure
ments to the nearest tenth of a millimeter using a Boley

gauge and compass.

The most apical extent of each root was

used as a reference point as the apical foramen and a point

equidistant near the cementoenamel junction was drawn with a
permanent fine felt pen (Fig. 10). This line was then used
to bissect a point to obtain the long axis of the tooth as
drawn from the coronal point to the most apical point.

In

the case of several molars which had buccal and lingual

rootSf a midpoint between the two roots was chosen as the

apical extent of the long axis and the coronal line was ob
tained in a similar manner as above.

A line perpendicular

to the long axis was drawn at the most apical extent of each
root and called the apical line.

Another liner referred to

as the canal liner was drawn through the center point of the
mandibular canal and extended to the long axis at a right

angle (Fig. 10). The center point of the canal was approxi
mately equidistant to the periphery as measured by a ruler.
All measurements were taken twice by the same observer from

photographic prints of the mandibular sections.

The following points were noted on the sections:

The apical foramen

The center point of the mandibular canal

The point of intersection of the long axis of the
tooth and the mandibular canal line

The inside edge of the mandibular canal which lies
on the closest line drawn to the apical foramen

The following distances were measured and recorded (Fig's. 7
and 8):

A1 - The distance between the buccal alveolar bone at

the cervical margin of each tooth and the most inferior
extent of the mandibular body

A2 - The distance between the apical line and most in
ferior extent of the mandibular body

A3 - The width of the mandibular as measured on the
apical line

A4 - The distance from the buccal border of the mandi
ble to the long axis of the root

A5 - The width of the solid cortical bone without trabecular pattern

A6 - The closest distance between the apical foramen to

the inside edge of bone within the mandibular canal

A? - The distance between the apical line to the canal
line

A8 - The distance froro the center of the niandibular ca

nal to the root long axis.

If located to the lingual,

the value is negative, and if located to the buccal, it
is positive.

A9 - The distance between the canal line to the infer
ior

border

of the mandible.

AlO - Height of the mandibular canal as measured from
the inside borders

All - Width of the lingual cortical bone as measured at
the apical line

A12 - Width of the cortical bone as measured at the in
ferior

border of the mandible

A13 - Ratio of the distance of buccal border to the

apex and width of the mandible.

The null hypothesis (H^) states that there is no correlation
between the left and right side of the mandibles which would
indicate a difference between right and left sides.

The al

ternate hypothesis (H^) states that there is a correlation
a

between both sides; naturally that right and left sides are

syinmetrical.

The Pearson correlation test was used to eval

uate the data which was classified into age (imrnature or ma

ture), side (left or right), and section of tooth (1-6).

using this test, statistical differences between the mandi
bles were determined.

By

RESULTS

There were a total of 232 sections from the adult mandibles

and 90 sections from the immature mandibles.

Ten percent of

the adult sections were damaged during the grinding process
to some extent and half of these were totally damaged and
could not be used for data collection.

In 47 specimens or

20% of the mature sections, the mandibular canal was not

visible as an entity especially in the second premolar and
first molar regions.

The location of the mandibular canal

in these cases could not be determined because the inserted

plastic line was not contained within a canal.

This allowed

the line to deviate in any direction but only affected the
data collection for A6 through AlO, which dealt with canal

and apex relationships.

Seven percent of the sections in

the immature mandibles were damaged during the grinding pro

cess.

In 12 specimens or 14% of the immature sections, the

mandibular canal was not visible with a canal wall.

jority of these were from section 2 through 4.

The ma

Table 2

lists the number and percentage of the canals which were
damaged and not visible.

The mandibular canal was visible to some extent in all

lateral radiographs. The most frequent visibly portion was
the initial portion of the canal beginning at the roandibular
foramen and extending apical to the third molar.

The infer

ior border of the canal was easier to identify than the su

perior border. The most frequently missing portion of the
canal was the superior border apical to the first molar and

second premolar. The mandibular canal was not a solid bony
channel throughout its entire length.

Instead the canal was

more like a coalesence of trabecular bone which in some

cases ranged from quite dense (Fig. 11) to very delicate

(Fig. 12). The canal wall was not visible for a total of
six sections apical to the second molar of the mature man

dible.

This increased to a total of 36 sections when the

canal was apical to the second premolar and first molar.

Figure 13 shows a missing mandibular canal wall in section
3L2 without a clearly defined "channel". If the canal wall
was not clearly identified at section 4 (apical to distal
root of first molar) then this often continued anteriorly
to the second premolar.

Figure 14 demonstrates a bifurcated canal with a superior
and inferior portion apical to the second molar. This canal

split into two portions distal to the second molar and re
joined apical to the first molar. Figure 15 demonstrates
the lingual positioning of the posterior teeth in the

mandible from first premolar to third molar.

This results

in a greater distance to the apex when measured from the
buccal cortical bone.

This can be seen in Figure 16, which

shows the lingual position of a second molar against the

lingual cortical plate.

The premolars were usually located

against the buccal cortical plate.

In Figure 17, a remnant

of neurovascular bundle without a definite canal wall was

noted in section distal to the second molar which continued

to the second premolar.

Figures 18 through 22 refer to the location of the mandibular canal in mature mandibles.

Figure 18 demonstrates the

position of the canal in the second premolar area.

This was

normally located inferior or buccal to the root apex.

In

Figure 19, the canal was most often located lingual to the
mesial root of the first molar.

In the area of the distal

root of the first molar, the canal was usually located lin

gual to the long axis (Fig. 20).

Figure 21 shows the loca

tion of the canal in the mesial root of the second molar.

The canal was most often located apical to the apex or root

long axis.

In the area of the distal root of the second mo

lar, the canal was usually located to the buccal of the long
axis (Fig. 22).

The location of the canal in immature

mandibles was generally located in the long axis and in
close proximity (Fig. 23).

The S-shaped canal pathway was the most common configuration
in the mature mandible and was found in 31% of the mandibles

(Table 2).

The S-shaped pathway describes the canal which

is usually located buccal to the second molar and crosses
over to the ilngual side apically to the mesial root of the
second molar.

The canal continues lingually to the first

molar and either remains apical to the second premolar or

crosses over to the buccal.

Figure 24 is a radiograph taken

from a superior direction in the long axis of the posterior
teeth.

An orthodontic wire inserted into the mandibular and

mental foramen illustrates the pathway of canals.

The man

dibular canal is usually located buccal to the second molar
and crosses over to the lingual, apical to the mesial root
of the second molar.

The canal is located lingual to the

first molar and either remains apical to the second premolar
or crosses to the buccal.

The buccal pathway (Fig. 25) is to the buccal of the long
axis while the lingual pathway stays to the lingual (Fig.
26).

In Table 1 the incidence of both was approximately the

same (19% vs. 17%) in mature mandibles.

In the immature

mandibles the apical pathway was the most common

configuration (Table 1) at 63%.

The apical pathway de

scribes the canal which is located directly apical to the
roots for at least three observations and varies less than

l.Sirnn in a horizontal plane (Fig. 27).

The incidence of

buccal or lingual pathway was 0% while the S-shaped pathway
was at 18% in the ininiature mandibles.

Table 2 lists the buccal-lingual relationship of the canal

to the long axis of the posterior teeth.

The mandibular ca

nal in the immature mandible appears to follow an apical

pathway which is in close approximation to the apices.

The

data representing both sides of the mandible suggests that
the canal travels apical to section five and six, apical or

lingual to section three and apical to section two.

In the

mature mandible the canal appears to follow the S-shaped
pathway.

Table 3 lists the percentage of the root long axis that may

pass through the canal at some portion.

Since the canal

width is about 3mm, the buccal-lingual parameters were set

at ±1.5mm.

This would allow the long axis to pass through a

portion of the canal at these dimensions in the canal center
were located 1.5mm to the lingual or buccal.

This table

shows that in the immature mandible the typical pathway is

usually apical to sections 2-6 at a percentage ranging from

62% to 92%.

In the mature mandible the pathway is located

apically from 28% to 64% in the sections 2-6.

Table 4 correlates a buccal plane (AS) of +1.5mm to the buc-

cal and lingual with a vertical plane (A6) of 2mm from the
root apex.

A distance of 2mm was arbitrarily chosen as a

useful clinical measurement.

This is the shortest distance

that endodontic instruments and filling material would have

to travel before entering the mandibular canal space.

Table

4 shows that in immature mandibles, 68% of the second molars

and distal root of the first molars fall within this field.
In 23% of the cases the mesial roots of the first molars are

included and 18% of the second premolars.

This demonstrates

that the mandibular canal is very close to the apices of the

posterior teeth in the immature mandible.

In the mature man

dibles the closest point in a horizontal and vertical plane
was found in 20% of the second premolars and 17-20% of the
second

molars.

III.

The Hq (null hypothesis) in the Pearson coefficient test was
a "no correlation" between the two sides of the mandible or
there is a difference between both sides.

The

(alterna

tive hypothesis) stated that there was a correlation between

the two sides of the mandible.

The null hypothesis was re

jected at P<.05 and the alternative hypothesis was accepted.
This data is seen in Table 5 and has included the immature
and mature mandibles together for analysis.

The following data is from measurements from the immature
and mature mandibles.

The data from Al to A13 represents a

standardized measurement taken from each section as seen in

Figures 7 and 8.

There were a total of 12 sections per man

dible and 29 mandibles used or approximately 350 sections
evaluated.

Correlation coefficients were obtained which

correlates the left and right side of the mandibles in the

same age group by section and are found in Table 5.

All

were found to be statistically similar between both sides at
P<.01.

The correlation coefficient ranged from 0 to 1.

A

value of "0" indicates no similarity while "1" indicates

complete similarity between two sets of variables.

The following information is separated into immature and
mature mandibles and then a comparison of both ages.

Part A

and B are listed by A1-A13 and gives the lowest/highest mean
value and standard deviation (SD) at section 1 and 6.

Note

that A6-A10 did not have a section 1 because these measure

ments are of the mandibular canal.

The canal was not ob

served apical to the first premolar.

Part C compares both

ages in general terms from the graphs 79-91 and gives a dif
ference between the low and high mean value.

This shows the

difference between both ages based on the 13 measurements.

Comparison of the mean values for A1 through A13 are found
in Graphs 1-13.

The mean values with standard deviation

are found in Graphs 14-39.

A1 - The height of the mandible decreased from a mean of
23.9mm (section 1) to 20.5mm (section 6).

The standard de

viation (SD) ranged from 1.6mm to 2.2mm.

A2 - The distance from the apices to the inferior border of
the mandible decreased from 13.6mm (section 1), and stabil
ized at 10.8mm for sections 3-6.

The SD ranged from 1.3mm

to 2.2mm.

A3 - The mandibular width increased from a mean of 9.6mm

(section 1) to 11.8mm (section 6).

The SD ranged from 0.6i

to 1.4mm.

A4 - The distance from the buccal plate to apex increased
from 4.4mm (section 1) to 8mm (section 6).

The SD ranged

from 0.8mm to 1.2 mm.

A5 - The thickness of buccal cortical bone incrased slightly
from 1.7mm (section 1) to 2.4mm (section 6).

The thickness

of bone is very similar in sections 3 through 6.

The SD

ranged from 0.3mm to 0.6mm.

A6 - The closest vertical distance to the mandibular canal
decreased from 3.7mm (section 2) to 1.4mm (section 6).

SD ranged from 0.4mm to 2.0mm.

The

The standard deviation has

a high range close in value to the mean average.

This rep

resents a great deal of variability in the data.

A7 - The mean value from the apex to the canal line de
creased from 5.2mm (section 2) to 2.5mm (section 6).

ranged from 0.6mm to 2.0mm.

The SD

The standard deviation has a

high range close in value to the mean average.

This repre

sents a great deal of variability in the data.

AS - The horizontal distance to the root long axis demon

strates that the center of the canal is slightly buccal at

section 5 and 6, crosses over to the lingual at section 3

and 4, and moves to the buccal at section 2. The SD ranged
from 0.3mm to 1.3mm.

The standard deviation has a high

range close in value to the mean average.

This represents

a great deal of variability in the data.

A9 - The distance from the canal line to the inferior border

of the mandible followed a slight curve from 7.3mm (section
2) to 8.1mm (section 6).
cal to section 3.

The low point of the curve is api

The canal appeared to parallel the infer

ior border in a straight line.

The SD ranged from 0.7mm to

3.2mm.

AlO - The height of the canal decreased slightly from 3.3mm
(section two) to 2.8mm (section 6).

The SD ranged from

0.3mm to 0.4mm.

All - The width of the lingual cortical plate decresed

slightly from 1.9mm (section 1) to 1.2mm (section 6). The
SD ranged from 0.2mm to 0.6mm.

A12 - The inferior cortical bone thickness decreased slight

ly from 3.1mm (section 1) to 2.4mm (section 6). The SD
ranged from 0.3mm to 0.8mm.

A13 - The apex of section 1-3 was located buccal to the cen
ter width of the mandible and moved to the lingual for sec

tions 4-6.

The SD ranged from 0.053 to 0.093.

Comparison of the mean values for A1 through A13 are found
in Graphs 40-52.

The mean values with standard deviation

are found in Graphs 53-78.

A1 - The height of the mandible decreased from a mean of
28.6mm to 24.4mm from section 1-6 and SD ranged from 2.5mm
to 3.9mm.

A2 - The distance from the apex to the inferior border of
the mandible decreased from 18.1mm to 14.1mm from section
1-6.

The SD ranged from 3.1mm to 3.8mm.

A3 - The mandibular width increased from a mean of 10mm to
13.8mm from sections 1-6 and the SD ranged from 1.1mm to
2.4mm.

A4 - The distance from the buccal cortical plate to the apex
increased from 3.9mm to 8.9mm from sections 1-6 in a pro

gressive pattern and the SD ranged from 0.8mm to 1.7mm.

A5 - The width of buccal cortical bone increased from 1.8mm
to 3.4mm from section 1-6 and the SD ranged from 0.3mm to
1.0mm.

A6 - The vertical distance to the niandibular canal ranged
from 3.7mm at section 6 to 7.3mm at section 3.

The next

closest point was at section 2 with 4.8mm between the canal

and apex.

The SD ranged from 2.0mm to 4.3mro.

The standard

deviation has a high range close in value to the mean aver

age.

This represents a great deal of variability in the

data.

A7 - The mean value from the apex to the canal line closely

parallels the A6 graph.

The distance ranged from 4.7mm at

section 6 to 8.6mm at section 3.

to 3.8mm.

The SD ranged from 2.3mm

The standard deviation has a high range close in

value to the mean average.

This represents a great deal of

variability in the data.

A8 - The canal was slightly buccal (0.5mm - 1.4mm) to sec

tion 5 (to the root long axis) and 6, traversed to the lin

gual for section 3 and 4 (-0.3mm - 2.6mm) and moved back to
the buccal apical to section 2.
to 2.2mm.

The SD ranged from 0.6mm

The standard deviation has a high range close in

value or greater than the mean average which represents a
great deal of variability in the data.

A9 - The distance from the canal line to the inferior border

of the mandible decreased from 11.1mm (section 2) to an

average range of 9.5mm between section 3 through 6.

The SD

ranged from 1.9mm to 3.0mm.

AlO - The height of the canal increased slightly from 3mm
(section 2) to 3.4mm (section 6).

The SD ranged from 0.4mm

to 1.0mm.

All - The width of the lingual cortical plate was relatively
consistent from section 1-6 ranging from 2.0mm to 2.4 mm.

The area of greater thickness was between section 2 and 3.
The SD ranged from 0.3mm to 0.5mm.

A12 - The inferior bone thickness decreased from 4.2mm (sec

tion 1) to 3.2mm (section 6).

The SD ranged from 0.6mm to

1.0mm.

A13 - The apex of section 1-4 was located to the buccal of
the mandibular buccal-lingual plane but crossed to the

lingual with section 5 and 6.

The SD ranged from 0.024mm to

0.122mm.

IBLE

Comparison of the mean values for A1-A13 are found in Graphs
79-91.

A1 - Mandibular height decreased in a posterior direction

for both ages.

The mean measurements difference ranged be

tween 4-5mm in both ages.

A2 - Distance from the apex to the inferior border of the
mandible decreased for the mature mandibles.

In the imma

ture mandibles the first and second molars were parallel to

the inferior border, but the distance increased for the
first and second molar.

The mean measurement difference was

4-6mm.

A3 - Width of the mandible as measured at the apical line
increased in the mature mandible and leveled off at the se
cond molar.

In the immature mandible the width increased

and decreased slightly with the distal root of the second
molar.

The mean measurement difference was between l-2mm.

A4 - Distance from the buccal border to the apices in the
imma

ture mandible increased to the second molar with a

slight decrease in the second premolar.

In the mature man

dibles the distance incresed up to second molar.

The mean

measurement difference was about 1mm.

A5 - Cortical thickness of the buccal bone in immature

mandibles increases and leveled off from the distal root of
the first molar.

In the mature mandibles the thickness in

creased up to the second molar.

The mean measurement dif

ference was from 0-lmm.

A6 - Closest distance from the apex to the canal wall in ma

ture mandibles was closest at the distal root of the second

molar followed by the second premolar.

The greatest dis

tance was with the mesial root of the first molar.

The ca

nal pattern follows a gradual curve with the lowest point
apical to the first molar.

In the immature mandible the

closest relationship wsa apical to the distal root of the
first molar and both roots of the second molar.

The dis

tance between the mesial root of the first molar and second

premolar increased slightly in an anterior direction.

The

mean measurement difference was from 2-5mm.

A7 - Distance between the apical line and canal line in

mature mandibles closely parallels the graph in A6 for both
ages.

The mean measurement difference was from l-5mm.

A8 - Distance between the root long axis and center of the
canal in mature mandibles was located buccal to the second

molar, crossed to the lingual anteriorily to the mesial root
of the second molar, remained lingual with the greatest

distance at the mesial root of the first molar, crossed back

to the buccal and was apical to the second premolar.

In the

immature mandible this pattern was also seen but the mean
measurements differed from 0.5-1.3mm.

A9 - Distance from the center of the canal to the inferior
border of the mandible in mature mandibles was relatively

parallell with an increase at the second premolar.
imma

In the

ture mandibles the graph maintained a gradual curve with

a low point apical to the mesial root of the first molar
The mean measurement difference was from 2-3mm.

AlO - Canal height in the immature mandibles decreased

slightly in a posterior direction.

In the mature mandibles

the canal height was the greatest with the distal root of
the second molar and decreased in height in an anterior or

posterior direction.

The mean measurement difference was

from 0-0.3mm.

All - Thickness of lingual cortical bone at the apical line
in immature mandibles decreased slightly in a posterior di
rection.

In the mature mandibles the thickness was rela

tively constant except at the mesial root of the first molar
which increased slightly.
was from 0.3-0.6mm.

The mean measurement difference

A12 - Thickness of the inferior cortical bone in iniinature

mandibles decreased slightly in a posterior direction.

In

mature mandibles the cortical thickness also decreased.

The

mean measurement difference was from 0.5-1.2mm.

A13 - Location of the apex in relation to the width of the
mandible in the immature mandibles changes from a lingual

location for the first premolar, buccal for the second premolar and mesial root of the first molar and then lingual
for the distal root of the first molar and second molar.

The cross-over point occured between the mesial and distal
roots of the first molar.

In the mature mandibles the

apices of the first/second premolar and first molar were lo
cated to the buccal while the second molar was located to

to the lingual.

The cross-over point occured between the

first and second molar.
ence was from .002-129.

The mean ratio measurement differ

DISCDSSION

The mandibular canal which was observed in this study did

appear as a distinct solid bony channel but within porous
lined trabecular bone.

In many cases the canals had no de

finite visible borders (Figs. 13, 17).

This occured in 25%

of the second preroolars in immature mandibles and 36% of the
second molars in mature mandibles.

In the first molar, the

canal did not have a visible border in 19% of the immature
mandibles and 31% of the mature mandibles (Table 2).

In a

pilot study involving two dried mandibles, a radiopaque dye
was injected into the mandibular foramen and then evaluated
with a CAT scan.

The radiographs showed only a deposition

of the radiopaque dye near the inferior border of the man
dible, while no dye was observed inside the canal proper.
Olivier (1927) as well as Carter and Keen (1971) found that

60% of their mandibular dissections contained a canal while
40% of the dissections did not have a distinct canal.

They

found that branches of the nerve occupied a space in the
bone rather than a distinct tunnel.

The present study con

firms the study of Olivier, who reported that the canal wall
becomes progressively thinner as the canal moves in an an
terior direction.

this study.

This was also seen radiographically in

The borders of the mandibular canals were more

difficult to distinguish radiographically in the anterior

>rtion of the mandible when compared to the posterior

The pathway of the mandibular canal in the mature mandible
was found to travel in an S-shaped pattern.

The canal was

located buccal to the second molar, lingual to the first

molar and apical to the second bicuspid.

This pattern con

firms the work of Panella (1974) as seen in Graph 93.

The

difference in the values can be attributed to the methods
used for evaluation.

In Panella's study, the long axis of

the tooth was determined by its relationship to the crown,

whereas in this study the long axis was determined by the
root.

The root was used to establish the long axis because

many of the clinical crowns had been partially destroyed
during the grinding process.

As shown in Graph 84, the apices of the second premolars and
distal root of the second molars have the closest proximity

to the mandibular canal.

This corraborates the findings of

Panella (Graph 92) and Littner (Graph 94).

This is also

seen in Graph 92 in the study by Panella in which the clos-

ests approximation in a vertical plane is with sections 2
and 6. A study by Littner et al. (1986) looked at the rela

tionship of root apices in first and second molars in dried
mandibles to the mandibular canal.

They found that the

closest approximation in section 6 and most distance in

section 3 which confirins the present study (Graph 94).

The

location of section 2 or the second preitiolar was not evalua
ted in the study by Littner et al.

Graph 86 shows the horizontal relationship of canal to the
root long axis in mature mandibles.

The canal is located

apically at two points; between the first and second molar
and between the second premolar and first molar.

This is

where the canal crosss over from buccal to lingual and back
to the buccal.

Table 4 shows that sections 2, 5 and 6 are

in the closest vicinity to the canal when the vertical and
horizontal planes are evaluated together.

In the immature mandibles the apical canal pathway was the

most commonly found (Table 1). This describes the canal
which travels directly apical to the roots for at least

three observations between sections 2-6 and varies less than
l.Srom in a horizontal plane.

Figure 84 shows the very close

vertical approximation of section 3-6 to the canal.

In

Figure 86 the horizontal relationship of sections 2, 4, 5,
and 6 to the root long axis are shown.

As shown in Table 4,

when the vertical and horizontal planes are evaluated to

gether, a majority of the apices in sections 3-6 are in very
close proximity to the root apices.

As shown in Graphs 82 and 91, the apices of posterior teeth
are more lingually located than the anterior teeth.

The in

creased distance of the apices to the buccal border is not
due to an increased bone thickness, but a result of the

lingual positioning of the teeth (Fig. 15).

There is a

slight increase of approximately l-2mm in the thickness of
buccal cortical bone from sections 1-6 as seen in Graph 83,

but this contributes a minimal amount to the distance of the

apices from the buccal surface.

The trabecular bone becomes

denser in the posterior teeth from sections 3-6, although it

may appear like cortical bone, there is a definite demarca
tion between the two (Fig. 25).

Although differences were observed between the mandibles of

both ages in regards to the canal pathway, proximity of api
ces to the canal and height of mandible, less differences

were seen in the width of the mandibles.

As shown in Graphs

81-83, the growth difference between the two ages is mostly
in vertical height rather than in width of the mandible.

The results of this study show that the age of patients dur

ing surgical or nonsurgical treatment is an important factor
to consider.

This is especially critical in the distal root

of the first molars and both roots of the second molar.

apical development is not yet complete, the lack of an

If

apical stop may allow the extrusion of endodontic material
past the apex and into the vicinity of the neurovascular
bundle.

Filling materials such as Sargenti paste should be

avoided particularly in teeth with immature apices with

close proximity to the mandibular nerve.

Studies by Brodin

et al., 1982; Brodin and Orstavik, 1983 have documented a

strong irreversible and cytotoxic activity of N2 and Endomethasone.

These authors also stated that other filling

materials such a Kloroperka NO, AH26 and even zinc oxide and
eugenol also displayed some cytotoxicity.

The prudent prac

titioner should avoid extrusion of any type of filling ma

terial in the vicinity of the mandibular canal.

In the patients of age group over 20 years, the predominant

pathway changes from an apical to S-shaped canal as seen in
Table 1.

The closest approximation of the apices to canal

changes to the second premolar and both roots of the second
molar.

Table 4 shows that endodontic treatment of these

teeth is more likely to cause damage to the mandibular nerve
because of the closer proximity when compared to the other

posterior teeth.

Reports involving damage to the mandibular

nerve with endodontic treatment show that the second premo-

lars and molars are the most commonly involved teeth (Orsta
vik et al., 1983).

An interesting finding in the literature is that females are
more likely to experience damage to the mandibular nerve
following endodontic treatment when compared to males
(Orstavik et al., 1983; Rowe, 1983).

One possibility is

that females are more likely to experience damage to the

mandibular nerve because they have a closer relationship be
tween the canal and root apices.

A statistical Pearson cor

relation between Al (mandibular height) and A6 (vertical

distance between the apices and canal wall) showed a signi
ficant correlation between the two variables (P<.01).

A

correlation between A3 (width of mandible) and A6 was not

significant.

This would suggest that as the mandibular

height increases, the distance between the canal and root
apices also increases and visa versa.

Do females have man

dibles of smaller height than males?

This information could

not be located in the dental or physical arthropology liter

ature, but Bjork (1963) has shown in implant studies that

the growth of the mandible in females generally ceases be

tween ages 13-14 years. In the males the mandibular growth
ceases between ages 17-18 years.

This would suggest that

generally the male mandible would be slightly larger than

the explanation of the higher incidence of females in mandi
bular nerve damage may be due to anatomical difference as
suggested in this present study.

There were a number of limitations to the present study.

The sample size of 29 was determined by the availability of
dried mandibles.

At the present timer skeletal material

from India is no longer available and plastic material is
used in teaching.

The gender of the people whose mandibles

were used could not be determined.

An attempt was made to

utilize cadaver material from the Anatomy Departments, but a
majority of the cadavers were edentulous.

A study utilizing

edentulous cadaver material would be a logical follow up to

the present study.

The mandibular canal was not observed in

about 30-40% of the dried mandibles in the second premolar/

first molar region.

Cadaver mandibles could offer some ben-

fits in determining the location of the neurovascular bundle

in this region.

However, the grinding of cadaver material

would be much more difficult when compared to dried mandi
bles because it is a moist material.

Some of the mandibles had missing teeth from intact sockets.

These teeth were displaced during processing of the mandi
bles.

In order to preserve the canal pathway from section

1-6, the sockets were filled in with resin and an endodontic

file was placed in the long axis.

This allowed additional

measurements to an already small sample size.

During the

grinding process some of the teeth and intact alvolar bone
disentegrated and were lost.

An attempts was made to stop

at the point of identification of the endodontic file at
the apical portion, but sometimes this was not possible.

SUMMARY

The anatomical relationship of the mandibular canal and as
sociated structures in immature and mature dried mandibles

were examined.

Efforts were made to obtain a statistical

data base of measurements in order to compare the morpholo

gical variations between each sectionf side of mandible/ and

It was found that there was no statistical difference be

tween the left and right sides of mandibles.

The second mo

lars and premolars have the closest relationship with the
canal in a vertical and horizontal plane in the mature man

dible.

In the immature mandible all of the posterior teeth

are in close proximity with the mandibular canal.

The data

from the immature mandible tends to follow the pattern for

the mature mandibles except for the vertical and horizontal

relationship between the canal and apices.

In the mature

mandibles the canal is much closer to the apices and follows

an apical pathway.

The pathway of the mature mandible is

often S-shaped but may also be a buccal or lingual type.
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FIGURE 1.

Stabilization of endodontic files with acrylic resin in

premolar sockets to simulate roots of posterior teeth.

FIGURE 2. Modified jig to stabilize the mandible for lateral
radiographs of mandible.

FIGURE 3.

Lateral radiograph with wires inserted into mandibular

canal and mental canal.

n

mi

FIGURE 4. Mandible with cemented endodontic files prior to
sectioning of the teeth.
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FIGURE 5.

i

Lateral radiogra

■ e canals of posterior teetl

cemented endodontic files into

0 sectioning.
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FIGURE 6. Cross section with placement of plastic line in adhesive
matrix to simulate neurovascular bundle prior to sectioning.

LINGUAL

BUCCAL

FIGURE 7. Graphic illustration of cross section of mandible showing
measurements A1-A5.

A1- mandibular height
A2- apex to inferior border of mandible
A3- width of mandible

A4- buccal border to apex
A5- buccal cortical bone width

LINGUAL

BUCCAL

A10

[_

t = Buccal

A8(tor -) - = Lingual

FIGURE 8. Graphic illustration of cross section of manciibie showing
measurements A6-A12.

A6- vertical distance between apex and inside wall of canal
A7- apical to canal line
AS- horizontal distance between center of canal and root long
A9- canal line to inferior border of mandible

A10- canal height
A11- lingual cortical bone width
A12- cortical bone width of inferior border of mandible
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FIGURE 9.

2

3

4
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6

Vertical sectioning of the mandible from first premolar

to second molar.

Each section from 1-6 was cut from the mandible

and then ground down to expose a file placed in each canal. Each

section was then measured to obtain 13 measurement points for
statistical

analysis.
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FIGURE 10. Mandibuiar section reference points.
AB0D-

Apical foramen
Center point of mandibuiar canal
Intersection of canal line and long axis of tooth
Closest vertical distance from apicai foramen to inside
wall of mandibuiar canal

FIGURE 12. Visible mandibular canal wall showing porous trabecular
bone surrounding the canal.

FIGURE 13. Missing mandibular canal wall. This was most often
seen apical to the first molar or second premolar.

l/r.
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FIGURE 14.

Bifurcated mandibular canal.

The mandibular canal

appears to exist as two separate canals in this section (26R6). The
canal split into two canal distal to this section and rejoined into
one canal apical to the first molar.

FIGURE 16. Mandibular canal adjacent to the lingual cortical plate.
This was usually observed In the posterior portion of the mandible,
while In the anterior portion the canal tended to be In a more buccal
location.
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FIGURE 18. Mandibular canal localization in the second premolar
area. The canal was usually located inferior or buccal to the root
apex in mature mandibles.
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FIGURE 19.

Mandibular canal localization in the area of the mesial

root of the first molar.

The canal was most often located lingual to

the root axis in mature mandibles.
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FIGURE 21.

Mandibular canal localization in the area of the mesial

root of the second molar. The canal was most often located apical

to the apex or root long axis in mature mandibles.

i .}

FIGURE 22.

Mandibular canal localization in the area of the distal

root of the second molar.

The canal was often located to the buccal

of the root long axis in mature mandibles.

VlL^

FIGURE 23.

Mandibular canal localization in immature mandibles.

The canal was usually located in the long axis of the root apices and
in close approximation.

FIGURE 24. S-shaped pathway. The most common pathway of the
mandibular canal in mature mandibles is the S-shaped pathway. The
canal is usualiy located buccal to the second molar and crosses over
to the lingual side apically to the mesial root of the second molar.

The canal continues lingually to the first molar and either remains
apical to the second premolar or crosses over to the buccal. This
photograph shows the lingual position of the first and second molar
with a third molar in buccal version.

jccal pat^
>ng axis

in whic
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teeth.

FIGURE 26. Lingual pathway. The canal Is lingual to the long axis of
the posterior teeth. This photograph shows the lingual pathway but
the lingual tilt of the root long axis In the posterior teeth makes the

pathway appear In a more buccal position.

TABLES

MANDIBLES (left and right side)
IMMATURE

MATURE

nsmssH

Not sufficient data

TABLE 1

Anterior-posterior pathways of the mandibular canal . The Sshaped pathway describes the canal which travels at some point
across the long axis of the tooth for at least 2mm in a buccal or
lingual direction. The lingual and buccal pathways describes the
configuration of the canal which is located on one side of the long
axis, either buccally (+) or lingually (-). The apical pathway
describes the canal which travels directly apical to the roots for at
least three observations between sections 2-6 and varies less than

1.5mm in a horizontal plane. "Not sufficient data" indicates those
hemi-mandibles in which the location of the canal could not be

clearly identified.

TABLE 2

Comparison of the canal pathway in immature and mature
mandibles. Data was not recorded (na) for section 1 (first premolar)
because the mandibular canal was not identified mesial to the

second premolar. "No canal visible" refers to those sections in
which the canal borders could not be clearly identified. A total of

18 sections were damaged during the grinding process and were not
used for data collection.

The last three columns indicates the

buccal-lingual relationship of the canal to the long axis of the root.

LEFT IMMATURE
buccal

section no canal visible
1

na

na

na

na

na

nmEBMaEaBB
RIGHT IMMATURE
section
1
2

3
4

5

BlliMlfcll

no canal visible
na

mmm

na

na

na

na

wm
0
■n
BBEBl 2
0
mmmAmnBS^MeesmH
BsTfeMaiimaccai

6

buccal

0

0

2

LEFT MATURE
section no canal visible
1

na

EEEEH^EfliEnEH
na

na

BBE®
na

buccal
na

lie

iiei:

RIGHT 1WIATURE
s

section
1

2

na

na

MUM IMBII I 111

na

na

■ESEBI

buccal
na

TABLE 3

Percentage of root axises passing through portion of canal. This
data shows the percentage of the long axises which passed through
some portion of the mandibular canal (left and right sides). Since
the mean canal width for the mature and immature mandibles is

3mm, this table includes the canal center point that are either

buccal or lingual to the long axis by 1.5mm. A negative number
indicates that the center of the mandibular canal is located to the

lingual of the root long axis.

A positive number indicates that the

center of the mandibular canal is located to the buccal of the root

long axis.

The "0" column indicates that the center point of the

canal is in the same axis of the root.

The "actual" column indicates

the sample size which had a canal visible to be measured. The
"outside" column represents the sample size in which the center of
the mandibular canal was located greater than 1.5mm either in a
buccal of lingual direction. The "% inside" column indicates the

sample size which the center of the canal ranged between -1.5mm
and -i-1.5mm in a horizontal plane to the root long axis.

IMMATURE MANDIBLES
0

section actual

outside

center

buccal

%insicle
82%

2

11

2

3

mm

5

4

13

1

92%

5

14

2

86%

6

13

2

85%

0

62%

MATURE MANDIBLES

section actual

outside

buccal

% inside

2

25

9

64%

3

25

18

28%

4

25

9

36%

5

39

17

56%

6

35

13

60%

APICAL FIELD

IMMATURE MANDIBLES

+1.5mm horizontal and 2mm vertical

section

total

actual

2

15

11

3

16

13

2 (18.2%'
3 (23%

4

16

13

9 (69%

5

15

14

6

14

13

9 (64%
9 (69%
APICAL FIELD

MATURE MANDIBLES
section

total

2

40

25

3

38

26

4

38

25

5

42

39

6

38

35

actual

+1.5mm horizontal and 2mm vertical

5(20%)
0

1 (4%)
8(20%)
6(17%)

TABLE 4

Apical field of immature and mature mandibles. The apical field
(AF) is an area at the root apex that is 2mm in vertical diameter and
3mm in horizontal diameter and which center is where these two

lines A6 and AS intersect. This table represents the intersection
with the vertical and horizontal distance for the left and right side

of mandibles. This table compares a vertical distance (A6) of 2mm
or less and a horizontal distance (AS) of 1.5mm in immature and
mature mandibles. This includes a narrow space at the root apices
that could be damaged during an endodontic procedure. The vertical
distance (A6) is the closest distance between the apex and inside

portion of the mandibular canal. The horizontal distance (AS) is the
distance between the center of the canal and the long axis of the

root. This distance may be either negative or positive depending if
the canal center is located lingually or buccally.
The "total" column

represents the sample size after the damaged sections were
excluded. The "actual" column indicates the sample size which had a
canal visible to be measured.

CORRELATION

COEFFICIENT
■9460
(A1) mandibular height
■9629
(A2) apex to inferior border of mandible
■9274
(A3) width of mandible
■7033
(A4) buccal border to the apex
■8747
(A5) buccal cortical bone width
■9100
(A6) vertical distance
■8779
(A7) apical to canal line
■7559
(A8) horizontal distance
■9173
(A9) canal line to inferior border of mandible
■7891
(MO) canal height
■8154
(All) lingual cortical bone width
■9406
■7473

(A12) cortical bone width inferior border of mandible
(A13) ratio of apical root location to buccal border

■6059

correlation between (A1) and (A6)

■ 1812*

correlation between (A3) and (A6)

TABLE 5

Pearson correlation test for mandibles^

This data is the

correlation of means for A1-A12 (left side) ws. A1-A12 (right
side) for immature and mature mandibles^ The correlation
coefficient ranges between 0 and 1^ A correlation coefficient of 0
indicates no correlation between two variables while a value of 1

indicates a symmetrical relationship^

A1-A12 indicate measure

ments taken from each section of the mandible^

A13 indicates a

ratio of A4/A3 and shows the relative location of the root long

axis to the width of the mandible^
below)

*Not significant (P>^05)

(P<^01 except which noted

2-tail

robabilit

mature

immature

A1

.116

.059

A2

.344

.059

A3

.136

.722

A4

.964

.324

A5

.069

.897

A6

.099

.105

A7

.079

.174

A8

.974

.843

A9

.129

.214

A10

.106

.155

A11

.199

.659

A12

.052

.407

A13

.466

.353

TABLE 6

Paired t-test for left and right side of immature and mature

mandibles. This represents a paired t-test of the mean values for
A1-A13 in comparing the left and right sides to test for symmetry.

All values are greater than P>.05 therefore the left and right side of
the mandible are not statistically different.
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Graph 1. Comparison of mean values in mandibular height (A1)
between left and right immature mandibles.
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Graph 2. Comparison of mean values from apex to inferior border of
mandible (A2) between left and right immature mandibles
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Graph 3. Comparison of mean values in mandibuiar width (A3)
between left and right immature mandibles.
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Graph 4. Comparison of mean values from bucoai border to apex (A4)
beween left and right immature mandibles.

0 left immature

■ right immature

CO

cvi

c\i

CO

<N

csi

CVJ

CO

TTTTX Cvi

TTm csi
00

CO

^

iO

section of mandible

Graph 5. Comparison of mean values in bucoai cortical bone width
(A5) between left and right immature mandibles.
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Graph 6. Comparison of mean values in vertical distance (A6)
between the apex and inside wall of the canal in left and right
immature mandibles.

S left immature

■ right immature

m

m

m

section of mandible

Graph 7. Comparison of mean values from apical to canal line (A7)
between left and right immature mandibles.
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Graph 8. Comparison of mean values in horizontal distance between
the canal and root long axis (AS) in left and right immature
mandibles.
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Graph 9. Comparison of mean values from canal line to Inferior
border of mandible {A9) between left and right Immature mandibles.
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Graph 10. Comparison of mean values in canal height (AID) between
left and right immature mandibles.
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Graph 11. Comparison of mean values in width of lingual cortical
bone (All) between left and right Immature mandibles.
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Graph 12. Comparison of mean values in width of inferior cortical
bone (A12) between left and right immature mandibles.
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Graph 13. Comparison of mean values In apical root location with
relation to buccal border (A13) between left and right mature

mandibles. A13 is a ratio of A4/A3 and indicates the buccal/lingual

position of the root long axis in the mandible. A value of <0.5

indicates a buccal location and value of >0.5 indicates a lingual

location.
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Graph 14. Mean values of mandibular height (A1) with standard
deviation in left immature mandibles.
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Graph 15. Mean values of mandibular height (A1) with standard
deviation in right immature mandibles.
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Graph 16. Mean values of apex to Inferior border of mandible
(A2) with standard deviation in left immature mandibles.
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Graph 17. Mean values of apex to inferior border of mandible
(A2) with standard deviation in right immature mandibles.

□ left immature
■ stand deviation

section of mandible

Graph 18. Mean values of mandibular width (A3) with standard
deviation in left immature mandibles.
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Graph 19. K/lean values of mandibuiar width (A3) with standard
deviation in right immature mandibles.
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Graph 20. Mean values of buccal border to apex (A4) with
standard deviation in left immature mandibles.
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Graph 21. Mean values of buccal border to apex (A4) with standard
deviation in right immature mandibles.
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Graph 22. Mean values of buccal cortical bone width (A5) with
standard deviation in left immature mandibles.
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Graph 23. Mean values of buccal cortical bone width (A5) with
standard deviation in right immature mandibles.
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Graph 24. Mean values of vertical distance (A6) between the apex and
inside wall cf the canal with standard deviation in left immature
mandibles.
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Graph 25. Mean values of vertical distance (A6) between the apex and
inside wall of the canal with standard deviation in right immature
mandibles.
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Graph 26. Mean values of apical to canal line (A7) with standard
deviation in left immature mandibies.
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Graph 27. Mean values of apical to canal line (A7) with standard
deviation in right immature mandibles.
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Graph 28. Mean values of horizontal distance between the canal and
root long axis (AS) with standard deviation in left immature
mandibles.
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Graph 29. Mean values of horizontal distance between the canal and
root long axis (A8) with standard deviation in right immature
mandibles.
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Graph 30. Mean values of canal line to inferior border (A9)
with standard deviation in left immature mandibles.
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Graph 31. Mean values of canal line to inferior border (A9)
with standard deviation in right immature mandibles.
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Graph 32. Mean values of canal height (A10) with standard deviation
in left immature mandibles.
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Graph 33. Mean values of canal height (A10) with standard deviation
in right immature mandibles.
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Graph 34. Mean values of width of lingual cortical bone
(A11) with standard deviation in left immature mandibles.
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Graph 35. Mean values of width of lingual cortical bone (A11)
with standard deviation in right immature mandibles.
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Graph 36. Mean values of width of inferior cortlcai bone (A12)
with standard deviation in left immature mandibles.
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Graph 37. Mean values of width of inferior cortical bone (A12)
with standard deviation in right immature mandibles.
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Graph 38. Mean values of apical root location with relation to buccal
border (A13) and standard deviation in left immature mandibles.

A13 is a ratio of A4/A3 and indicates the buccal/lingual position of
the root long axis in the mandible. A value of <0.5 indicates a buccal

location and value of >0.5 indicates a lingual location.
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Graph 39. Mean values of apical root location with relation to buccal
border (A13) and standard deviation in right immature mandibles.
A13 is a ratio of A4/A3 and indicates the buccal/lingual position of
the root long axis in the mandible. A value of <0.5 indicates a buccal
location and value of >0.5 indicates a lingual location.
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Graph 40. Comparison of mean values in mandibular height (A1)
between left and right mature mandibles.
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Graph 41. Comparison of mean values from apex to inferior border of
mandible (A2) between left and right mature mandibles
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Graph 42. Comparison of mean values in mandlbular width (A3)
between left and right mature mandibles.
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Graph 43. Comparison of mean values from bucoai border to apex
(A4) beween left and right mature mandibles.
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Graph 44. Comparison of mean values in buccal cortical bone width

(A5) between leift and right mature mandibles.
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Graph 45. Comparison of mean values in vertical distance (A6)
between the apex and inside wall of the canal in left and right
mature mandibles.
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Graph 46. Comparison of mean values from apical to canal line (A7)
between left and right mature mandibles.
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Graph 47. Comparison of mean values in horizontal distance between

the canal and root long axis (A8) in left and right mature mandibles.
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Graph 48. Comparison of mean values from canal line to inferior
border of mandible (A9) between left and right mature mandibles.
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Graph 49. Comparison of mean values in canal height (A10) between
left and right mature mandibles.
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Graph 50. Comparison of mean values in width of lingual cortical
bone (A11) between left and right mature mandibles.
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Graph 51. Comparison of mean values in width of inferior cortlcai
bone (A12) between left and right mature mandibles.
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Graph 52. Comparison of mean values in apical root location with
relation to buccal border {A13) between left and right mature
mandibles. A13 is a ratio of A4/A3 and indicates the buccal/lingual
position of the root long axis in the mandible. A value of <0.5
indicates a buccal location and value of >0.5 indicates a lingual
location.
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Graph 53. Mean values of mandibular height (M) with standard
deviation in left mature mandibles.
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Graph 54. Mean values of mandibular height (A1) with standard
deviation in right mature mandibles.
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Graph 55. Mean values of apex to inferior border of mandible
(A2) with standard deviation in left mature mandibles.
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Graph 56. Mean values of apex to inferior border of mandible
(A2) with standard deviation in right mature mandibles.
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Graph 57. Mean values of mandibular width (A3) with standard
deviation in left mature mandibles.
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Graph 58. Mean values of mandibuiar width (A3) with standard
deviation in right mature mandibles.
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Graph 59. Mean values of buccal border to apex (A4) with
standard deviation in left mature mandibles.
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Graph 60. Mean values of buccal border to apex (A4) with standard
deviation in right mature mandibles.
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Graph 61. Mean values of buccal cortical bone width (A5) with
standard deviation in left mature mandibles.
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Graph 62. Mean values of buccal cortical bone width (A5) with
standard deviation in right mature mandibles.
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Graph 63. Mean values of vertical distance (A6) between the apex and
inside wall cf the canal with standard deviation in left mature
mandibles.
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Graph 64. Mean values of vertical distance (A6) between the apex and
inside wall cf the canal with standard deviation in right mature
mandibles.
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Graph 65. Mean values of apical to canal line (A7) with standard
deviation in left mature mandibles.
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Graph 66. Mean values of apical to canal line (A7) with standard
deviation in right mature mandibles.
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Graph 67. Mean values of horizontal distance between the canal and
root long axis (A8) with standard deviation in left mature mandibles.
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Graph 68. Mean values of horizontal distance between the canal and
root long axis (AS) with standard deviation in right mature
mandibles.
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Graph 69. Mean values of canal line to inferior border (A9)
with standard deviation in left mature mandibles.
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Graph 70. Mean values of canal line to inferior border (A9)
with standard deviation in right mature mandibles.
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Graph 71. Mean values of canal height (A10) with standard deviation
in left mature mandibles.
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Graph 72. Mean values of canal height {A10) with standard deviation
in right mature mandibles.
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Graph 73. Mean values of width of lingual cortical bone
(A11) with standard deviation in left mature mandibles.
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Graph 74. Mean values of width of lingual cortical bone (A11)
with standard deviation in right mature mandibles.
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Graph 75. Mean values of width of inferior corticai bone (A12)
with standard deviation in left mature mandibles.

0 right mature
1 stand deviation

section of mandible

Graph 76. Mean values of width of inferior cortical bone (A12)
with standard deviation in right mature mandibles.
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Graph 77. Mean values of apical root location with relation to buccal
border (A13) and standard deviation in left mature mandibles. A13
is a ratio of A4/A3 and indicates the buccal/lingual position of the

root long axis in the mandible. A value of <0.5 indicates a buccal
location and value of >0.5 indicates a lingual location.

S right mature
■ stand deviation

—

0.6

o

o

CO

CO

a>

u)

C

CO

.

0.4-

d

section of mandible

Graph 78. Mean values of apical root location with relation to buccal
border (A13) and standard deviation in right mature mandibles.
A13
is a ratio of A4/A3 and indicates the buccal/lingual position of the
root long axis in the mandible. A value of <0.5 indicates a buccal
location and value of >0.5 indicates a lingual location.
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Graph 79. Comparison of left side mean values in mandibular height
(A1) between immature and mature mandibles.
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Graph 80. Comparison of left side mean value from apex to inferior
border of mandible (A2) between immature and mature mandibles
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Graph 81. Comparison of left side mean values in mandibular width
(A3) between immature and mature mandibles.

0 left immature
■ right mature

section of mandible

Graph 82. Comparison of left side mean values from buooal border to
apex (A4) beween immature and mature mandibles.
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Graph 83. Comparison of left side mean values in buccal cortical
bone width (A5) between immature and mature mandibles.
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Graph 84. Comparison of left side mean values in vertical distance
between the apex and inside wall of the canal (A6) in immature and
mature mandibles.
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Graph 85. Comparison of left side mean values from apical to canal
line (A7) between immature and mature mandibles.
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Graph 86. Comparison of left side mean values in horizontal
distance between the canal and root long axis (AS) between
immature and mature mandibles.
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Graph 87. Comparison of left side mean values from canal line to

Inferior border of mandible (A9) between Immature and mature
mandibles.
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Graph 88.

Comparison of left side mean values in canal height (A10)

between immature and mature mandibles.
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Graph 89. Comparison of left side mean values in width of lingual
cortical bone (A11) between immature and mature mandibles.
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Graph 90. Comparison of left side mean values in width of inferior
cortical bone (A12) between immature and mature mandibles.
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Graph 91. Comparison of left side mean values in apical root
location with relation to buccal border (A13) in immature and
mature mandibles.

A13 is a ratio of A4/A3 and indicates the

buccal/lingual position of the root long axis in the mandible.
value of

A

<0.5 indicates a buccal location and value of >0.5 indicates

a lingual location.
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Graph 92. Comparison of left side mean values in vertical distance
between the apex and inside wall of the canal (A6) in mature
mandibles. This graph shows the data from the present study and
the Panella study in 1974.
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Graph 93. Comparison of left side mean values in horizontal
distance between the canal and root long axis (A8) between
immature and mature mandibles. This graph shows the data from the
present study and the Panella study in 1974.
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Graph 94. Comparison of left side mean values in vertical distance
between the apex and inside wall of the canal (A6) in mature
mandibles. This graph shows the data from the present study and
the Littner study in 1986. The Littner study did not evaluate the
canal location in the second premolar or section 2 area.
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